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@ Electronic zoom control and image stabilization. 

(57) A video camera comprises : a lens for collect- 
ing a light (1) from an object to be photo- 
graphed ; and image pickup device (3) for 
converting the light collected by the lens into an 
electrical signal ; and analog to digital convert- 
ing circuit (9) for converting the electric signal 
from the image pickup device into a digital 
signal ; a memory circuit (14) for storing the 
digital signal obtained by the analog to digital 
conversion; shake detecting means (21A,21B) 
for detecting a shake of the video camera; 
calculating means (20) for obtaining a correc- 
tion amount from an output signal of the shake 
detecting means; correcting means (5,14,20) 
for correcting a shake of an image accom- 
panied with a slight shake of a body of the video 
camera on the basis of an output signal of the 
calculating means; zoom means (1,15) for en- 
larging or reducing the object to be photo- 
graphed ; and control means (20) for changing 
the correcting means in accordance with a 
change of zoom of the zoom means. 
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The present invention relates to a video camera 
and a video signal reproducing apparatus, each hav- 
ing a hand shake correcting function. 

Description of the Related Art 

In recent years, in association with the miniatur- 
ization and light weight of video cameras, a problem 
of hand shake has come to easily occur. Therefore, a 
video camera having a hand shake correcting func- 
tion has been put into practical use. 

As a hand shake correcting method of such a vid- 
eo camera, there has been known a method whereby 
a shake of the camera is detected by an angular ve- 
locity sensor and a cut-out position in an image mem- 
ory is shifted in accordance with an output of the an- 
gular velocity sensor. 

In such a hand shake correcting method of the 
video camera, the output of the angular velocity sen- 
sor is integrated by a low pass filter, and is converted 
from an angular velocity into an angle, thereby obtain- 
ing a correction amount. On the basis of the correc- 
tion amount, an image plane is shifted. Alimiter to set 
a correction limit value of an output of the low pass 
filter is provided so that the correction amount does 
not exceed the limit value. 

The video camera having the image memory can 
enlargedly interpolate the image plane stored in the 
image memory. Such a function is called an electron- 
ic zoom. On the other hand, a zoom in which a zoom 
lens is moved is called an optical zoom. 

In case of the hand shake correcting method 
such that a movement of the camera is detected by 
the angular velocity sensor and the correction is per- 
formed in accordance with the cut-out position in the 
image memory (for example, European Patent Appli- 
cation Publication No. 0498730), the shake of the im- 
age plane enhances with an increase in zoom mag- 
nification in the optical zoom region. It is, therefore, 
necessary to increase the correction amount in pro- 
portion to the zoom magnification. 

On the other hand, in an electronic zoom region, 
it is sufficient to set the correction gain constant. This 
is because in the electronic zoom region, for example, 
in case of the electronic zoom of the double magnifi- 
cation, when there is a hand shake of (n) lines, the 
reading position in the image memory is shifted by (n) 
lines. Then, the content of the image memory is inter- 
polated by two times and is read out When the image 
data is shifted by (n) lines and is interpolated by two 
times and is read out, the correction of (2n) lines is 
executed. 

Such a hand shake correcting apparatus has a 
low pass filter to convert from an angular velocity 
based on the shake of the camera detected by the an- 
gular velocity sensor into an angle. Since it is suffi- 
cient that the correction gain is constant in the elec- 
tronic zoom region, hitherto, the gain of the low pass 



filter is set to the same as that in the control in the 
telescopic end of the zoom lens in the electronic zoom 
region. 

However, when such a hand shake correcting 
5 function is added, a problem such that an image pick- 
up plane becomes unnatural upon panning photo- 
graphing has conventionally occurred. Namely, upon 
panning photographing, the camera is suddenly 
moved at the start of the panning. Due to this, the in- 
to tegration value of the angular velocity sensor rapidly 
increases and suddenly the value exceeds the cor- 
rection limit. Accordingly, the image pickup plane be- 
comes unnatural. 

Namely, when the panning photographing is exe- 
15 cuted, a detection signal is outputted from the angular 
velocity sensor as shown in Fig. 13A. The detection 
signal is integrated by a low pass f ilter. The integra- 
tion value reaches a correction limit LMT at a time 
point t11 as shown in Fig. 13B. Hitherto, as shown in 
20 Fig. 13C, the integration value is suddenly limited 
from a point P11 at the time point t11 at which the in- 
tegration value reaches the correction limit LMT. 

On the other hand, when the electronic zoom 
magnification rises, the portion which is not read out 
25 from the image memory is widened, so that the hand 
shake correction ability inherently increases. How- 
ever, conventionally, the low pass filter which integra- 
tes the output of the angular velocity sensor is con- 
trolled in a manner similar to the control in the tele- 
30 scopic end of the zoom lens in the electronic zoom re- 
gion. Therefore, the hand shake correcting function 
cannot be effectively utilized even at a position of a 
high electronic zoom magnification where the hand 
shake correction ability is high. 
35 Therefore, it is an object of the invention to pro- 
vide a video camera and a video signal reproducing 
apparatus which can prevent an unnatural movement 
of an image plane upon panning photographing. 
It is another object of the invention to provide a 
40 video camera and a video signal reproducing appara- 
tus, in which the correction amount in the electronic 
zoom region can be effectively used and the correc- 
tion ability is improved. 

According to an aspect of the invention, there is 
45 provided a video camera comprising: 

a lens for collecting a light from an object to be 
photographed; 

an image pickup device for converting the light 
collected by the lens into an electric signal; 
so an analog to digital converting circuit for con- 

verting the electric signal from the image pickup de- 
vice into a digital signal; 

a memory circuit for storing the digital signal 
obtained by the analog to digital conversion; 
55 shake detecting means for detecting a shake 

of the video camera; 

calculating means for obtaining a correction 
amount from an output signal of the shake detecting 
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means; 

correcting means for correcting a shake of an 
image accompanied with a slight shake of a body of 
the video camera on the basis of an output signal of 
the calculating means; and 

a limiter circuit for limiting a correction amount 
in the correction limit for an output signal of the cal- 
culating means. 

According to another aspect of the invention, 
there is provided a video signal reproducing appara- 
tus comprising: 

an analog to digital converting circuit for con- 
verting an input video signal into a digital signal; 

a memory circuit for storing the digital signal 
obtained by the analog to digital conversion; 

shake detecting means for detecting a shake 
of an image plane generated by the video signal; 

calculating means for obtaining a correction 
amount from an output signal of the shake detecting 
means; 

correcting means for correcting a shake of an 
image accompanied with a slight shake of a body of 
the video camera on the basis of an output signal of 
the calculating means; and 

a limiter circuit for limiting a correction amount 
in the correction limit for an output signal of the cal- 
culating means. 

The shake of the video camera or the video signal 
reproducing apparatus is detected and integrated, 
thereby obtaining a control amount A limiter which 
sets a limit value in the control is set to a nonlinear 
limiter, thereby li miting that the value suddenly reach- 
es the correction limit upon panning and making an 
image plane upon panning natural. 

According to another aspect of the invention, 
there is provided a video camera comprising: 

a lens for collecting a lightfrom an object to be 
photographed; 

an image pickup device for converting the light 
collected by the lens into an electric signal; 

an analog to digital converting circuit for con- 
verting the electric signal from the image pickup de- 
vice into a digital signal; 

a memory circuit for storing the digital signal 
obtained by the analog to .digital conversion; 

shake detecting means for detecting a shake 
of the video camera; 

calculating means for obtaining a correction 
amount from an output signal of the shake detecting 
means; 

correcting means for correcting a shake of an 
image accompanied with a slight shake of a body of 
the video camera on the basis of an output signal of 
the calculating means; 

zoom means for enlarging or reducing the ob- 
ject to be photographed; and 

control means for changing the correcting 
means in accordance with a change of zoom of the 



zoom means. 

According to yet another object of the invention, 
there is provided video signal reproducing apparatus 
comprising: 

5 an analog to digital converting circuit for con- 

verting an input video signal into a digital signal; 

a memory circuit for storing the digital signal 
obtained by the analog to digital conversion; 

shake detecting means for detecting a shake 
w of an image plane generated by the video signal; 

calculating means for obtaining a correction 
amount from an output signal of the shake detecting 
means; 

correcting means for correcting a shake of an 
15 image accompanied with a slight shake of the image 
plane on the basis of an output signal of the calculat- 
ing means; 

zoom means for enlarging or reducing the ob- 
ject to be photographed; and 

20 control means for changing the correcting 

means in accordance with a change of zoom of the 
zoom means. 

The shake of the video camera or the video signal 
reproducing apparatus is detected by the angular ve- 

25 locity sensor. The correction amount of the image is 
calculated from the detection result and the zoom 
magnification. In this instance, by using the electron- 
ic enlargement magnification, a coefficient of the low 
pass filter to convert from the angular velocity into 

30 the angle is changed . Thus, the correction amount in 
the electronic zoom region can be effectively used 
and the correction ability is improved. 

By using a nonlinear limiter as a limiter to set the 
limit value of the control, it is prevented that the value 

35 suddenly reaches the correction limit upon panning 
and the image plane upon panning can be made natu- 
ral. 

The coefficient of the low pass filter which con- 
verts the angular velocity into the angle can be set in 
40 correspondence to the electronic zoom magnifica- 
tion. Therefore, as the electronic zoom magnification 
is increased, a larger correction range can be ob- 
tained, so that the hand shake correction ability is im- 
proved. 

45 The invention will be further described by way of 
non-limitative example with reference to the accom- 
panying drawings, in which:- 

Fig. 1 is a block diagram showing a whole con- 
struction of a video camera to which the inven- 

50 tion is applied; 

Fig. 2 is a schematic diagram which is used for 
explanation of an embodiment of the invention; 
Fig. 3 is a schematic diagram which is used for 
explanation of a hand shake correction of an env 

55 bodiment of the invention; 

Figs. 4A and 4B are schematic diagrams which 
are used for explanation of a hand shake correc- 
tion of an embodiment of the invention; 
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Figs. 5A and 5B are schematic diagrams which 
are used for explanation of an electronic zoom of 
an embodiment of the invention; 
Fig. 6 is a functional block diagram of a hand 
shake correction controller of an embodiment of 5 
the invention; 

Fig. 7 is a graph showing an example of a table 
of a nonlinear limiter in an embodiment of the in- 
vention; 

Figs. 8A, 8B, and 8C are waveform diagrams 1 o 
which are used for explanation of an embodiment 
of the invention; 

Figs. 9A and 98 are schematic diagrams which 
are used for explanation of a hand shake correc- 
tion of an embodiment of the invention; 15 
Fig. 10 is a block diagram which is used for ex- 
planation of a low pass filter of an embodiment 
of the invention; 

Fig. 11 is a block diagram which is used for ex- 
planation of a low pass filter of an embodiment 20 
of the invention; 

Fig. 12 is a graph which is used for explanation 
of a low pass filter of an embodiment of the inven- 
tion; and 

Figs. 1 3A, 1 3B, and 1 3C are waveform diagrams 25 
which are used for explanation of conventional 
limiter. 

An embodiment of the invention will be explained 
hereinbelow with reference to the drawings. Fig. 1 
shows a whole construction of a video camera to 30 
which the invention is applied. In Fig. 1, an object im- 
age light obtained through a lens group 1 is formed an 
image onto a photosensitive surface of a CCD image 
pickup device 3 through an iris 2. The video camera 
records by the NTSC system. In order to correct the 35 
hand shake, however, the number of lines of the CCD 
image pickup device 3 corresponds to the number of 
lines of the PAL system instead of the number of lines 
of the NTSC system. 

The CCD image pickup device 3 is driven by a 40 
driver 4 on the basis of a timing signal from a timing 
generating circuit 5. A sync signal is supplied to the 
timing generating circuit 5 from a sync signal gener- 
ating circuit 6. An output from a hand shake correc- 
tion controller 20 is supplied to the timing generating 45 
circuit 5. A high speed transfer clock is supplied to the 
CCD image pickup device 3 within a vertical blanking 
period according to the shake in the vertical direction 
of the camera. 

The.output of the CCD image pickup device 3 is 50 
supplied to an A/D converter 9 through a sampling 
and holding circuit 7 and an AGC circuit 8. The image 
pickup signal is converted into the digital signal by the 
A/D converter 9. An output of the A/D converter 9 is 
supplied to a signal processing circuit 10 and also to 55 
an optical detector 11. 

The signal processing circuit 10 executes a nec- 
essary camera signal process and forms a luminance 



signal and a chrominance signal which correspond to 
the NTSC system from the image pickup signal of the 
CCD image pickup device 3. An output of the signal 
processing circuit 10 is supplied to an image memory 
14. 

The optical detector 11 is provided to obtain infor- 
mation necessary for optical control such as expos- 
ure control, focusing control, white balance control, 
and the like. A window is set by the optical detector 
11 and a light amount level in the window is detected. 
The light amount level is supplied to a camera control- 
ler 13. 

The camera controller 13 controls a gain of the 
AGC circuit 8 and an opening degree of the iris 2 in 
accordance with the light amount level. Due to this, 
the automatic exposure control is executed. A window 
is set in the optical detector 11 and an edge compo- 
nent level of the image pickup signal in the window is 
detected. The edge component level is supplied to the 
camera controller 13. The camera controller 13 con- 
trols the position of the focusing lens in the lens group 

I so as to maximize the edge component. Due to this, 
the automatic focusing adjustment is executed. 

The position of the window of the optical detector 

II is movable in the horizontal direction by a window 
generating circuit 12. The position of the window is 
changed in accordance with the hand shake correc- 
tion amount. 

The image memory 14 is provided for executing 
the electronic zoom and is also used for executing a 
hand shake correction of a big shake. An output of the 
image memory 14 is supplied to an electronic enlarg- 
ing circuit 15. The electronic enlarging circuit 15 exe- 
cutes a hand shake correction in the horizontal direc- 
tion of the camera by shifting the reading position of 
one line. The hand shake in the vertical direction of 
one line or less is also corrected by the electronic en- 
larging circuit 15. 

An output of the electronic enlarging circuit 15 is 
supplied to a D/ A converter 16. The D/ A converter 16 
outputs an analog video signal. The analog video sig- 
nal is outputted from an output terminal 17. 

The shake of the camera is detected by a pitch 
angular velocity sensor 21 A and a yaw angular veloc- 
ity sensor 21 B. That is, the shake in the vertical di- 
rection is detected by the pitch angular velocity sen- 
sor 21A. An output of the pitch angular velocity sensor 
21 A is supplied to an A/D converter 23A through an 
amplifier 22A. An output of the A/D converter 23A is 
supplied to the hand shake correction controller 20. 
An output of the yaw angular velocity sensor 21 B is 
supplied to an A/D converter 23B through an amplifier 
22B. An output of the A/D converter 23B is supplied 
to the hand shake correction controller 20. 

The hand shake correction controller 20 allows 
the CCD image pickup device 3 to transfer the charg- 
es at a high speed on the basis of the shake in the 
vertical direction detected by the pitch angular veloc- 
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ity sensor 21A, thereby executing the hand shake 
correction in the vertical direction. Shifting operation 
is executed in the horizontal direction on the basis of 
the shake in the horizontal direction detected by the 
yaw angular velocity sensor 21 B. Due to this, the 5 
hand shake correction in the horizontal direction is 
executed. 

As shown in Fig. 2, according to the embodiment 
of the invention, a device having the number of lines 
of the PAL system, for example, the number of effec- w 
tive lines equal to 582 is used as a CCD image pickup 
device 3. On the other hand, the number of effective 
lines of the NTSC system is equal to 494. Therefore, 
494 lines among the 582 effective lines of one image 
plane of the CCD image pickup device 3 are used. As 15 
shown in the hatched regions in Fig. 2, outputs of the 
other lines are not used. The image plane can be 
moved in the vertical direction by changing the start 
position ST. Therefore, by moving the start position 
ST so as to eliminate the shake in the vertical direc- 20 
tion of the image plane, the hand shake correction in 
the vertical direction can be executed. 

Accordingly, when the charges of the lines as 
many as the number of lines in the NTSC system in 
the CCD image pickup device 3 having the lines as 25 
many as the number of lines of the PAL system are 
transferred at an ordinary speed, and the charges of 
the remaining lines are transferred at a high speed, 
as shown in Fig. 3, for example, a circular object A1 
is displayed as a circular object A2 which is elongated 30 
vertically. 

As shown in Fig. 4A, a signal SL of one line is 
fetched into the line memory and as shown in Fig. 4B, 
the signal is read out while changing the time base. 
Thus, an aspect ratio of the image which is displayed 35 
is corrected and also the image plane in the horizon- 
tal direction is enlarged. The reading position in the 
line memory is shifted in accordance with the shake 
of the video camera in the horizontal direction, there- 
by enabling the hand shake correction in the horizon- 40 
tal direction to be executed. 

In the video camera to which the invention is ap- 
plied, by moving the zoom lens, the optical zoom pho- 
tographing can be executed and by using the image 
memory 14, the electronic zoom photographing can 45 
be also executed. That is, when it is assumed that the 
image pickup plane as shown in Fig. 5A has been 
stored in the image memory 14, by cutting out the 
portion shown by the region B1 and by enlargedly in- 
terpolating the cut-out portion, the image plane can so 
be doubled in size as shown in Fig. SB. 

The hand shake correction controller 20 exe- 
cutes a filtering process to the outputs of the pitch an- 
gular velocity sensor 21 A and the yaw angular veloc- 
ity sensor 21 B, thereby calculating correction 55 
amounts in the vertical and horizontal directions. 

Fig. 6 is a functional block diagram of the proc- 
esses in the hand shake correction controller 20. 



First, the process on the pitch side will be explained. 
In Fig. 6, an output of the angular velocity sensor 21 A 
in the pitch direction is supplied to an input terminal 
51 A through the amplifier 22A and the A/D converter 
23A (Fig. 1). A signal from the input terminal 51A is 
supplied to a high pass filter 53A through a multiply- 
ing circuit 52Afor an adjustment of the whole gain. 
The high pass filter 53A eliminates a DC offset includ- 
ed in the angular velocity sensor 21 A. 

An output of the high pass filter 53A is supplied 
to a multiplying circuit 54Afor a variation adjustment 
of the angular velocity sensor. A gain corresponding 
to a variation is supplied to the multiplying circuit 54A 
from an input terminal 55A. An output of the multiply- 
ing circuit 54A is supplied to a coring circuit 56A for 
noise removal. An output of the coring circuit 56A is 
supplied to a multiplying circuit 57A. 

A coefficient is given to the multiplying circuit 57A 
from a table 58A. A position of an optical zoom is giv- 
en to the table 58A from a terminal 59A. The hand 
shake needs to be largely corrected as the optical 
zoom magnification is large. Accordingly, the coeffi- 
cient is set by the table 58Aso that a bigger correction 
is executed when the zoom lens is located on the tele- 
scopic side. 

An output of the multiplying circuit 57Ais supplied 
to a low pass filter 61 A through a limiter60A. The low 
pass filter 61 A executes a conversion from an angu- 
lar velocity to an angle. The low pass filter 61 A is con- 
structed by an MR f ilter as will be described in detail 
hereinlater. A coefficient in the low pass filter 61 A is 
set in accordance with the electronic zoom magnifi- 
cation from a terminal 62A, thereby enabling the ef- 
fective correction to be also executed even in the 
electronic zoom region. 

An output of the low pass filter 61 A is supplied to 
a coring circuit 63A. An output of the coring circuit 63A 
is supplied to a limiter 64A. An output of the limiter 
64A is outputted from an output terminal 71 through 
an offset adding circuit 69Aand is also supplied to a 
subtracting circuit 65A. According to an output from 
the output terminal 71, the reading position of the 
CCD image pickup device 3 for the PAL is shifted and 
the hand shake correction in the vertical direction is 
executed. 

A correction amount exceeding an offset is ob- 
tained by the subtracting circuit 65A. An output of the 
subtracting circuit 65A is supplied to an adding circuit 
66A. An electronic zoom control data is supplied to 
the adding circuit 66Af rom a terminal 67A. An output 
of the adding circuit 66A is outputted from an output 
terminal 72 through a limiter 68A. According to the 
output from the output terminal 72, the reading posi- 
tion in the image memory 14 is shifted and the hand 
shake correction in the vertical direction exceeding 
the correction range is executed. An output of the out- 
put terminal 72 is supplied to the electronic enlarging 
circuit 15 and the hand shake correction in the vert- 
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ical direction of 0.5 line or less is executed. 

The process in the yaw direction will now be ex- 
plained. The process in the yaw direction is substan- 
tially the same as the process in the pitch direction. 
That is, the output of the angular velocity sensor 21 5 
in the yaw direction is supplied to an input terminal 
51 B through the amplifier 22B and the A/D converter 
23B. The signal from the input terminal 51 B is sup- 
plied to a high pass filter 53B for a DC offset removal 
through a multiplying circuit 52B for an adjustment of 10 
the whole gain. 

An output of the high pass filter 53B is supplied 
to a multiplying circuit 54B for a variation adjustment 
of the angular velocity sensor. A gain corresponding 
to the variation is supplied to the multiplying circuit is 
54B from an input terminal 55B. An output of the mul- 
tiplying circuit 54B is supplied to a coring circuit 56B 
for a noise removal. An output of the coring circuit 56B 
is supplied to a multiplying circuit 57B. A coefficient 
is given to the multiplying circuit57Bfromatable58B. 20 
The position of the optical zoom is given to the table 
58B from a terminal 59B. The coefficient is set by the 
multiplying circuit 57B and the table 58B so that big- 
ger correction is executed when the zoom lens is lo- 
cated on the telescopic side. 25 

An output of the multiplying circuit 57B is supplied 
to a low pass filter 61 B through a limiter 60B. The low 
pass filter 61 B converts the angular velocity into the 
angle. An electronic zoom magnif icatton is supplied 
to the low pass filter 61 B from a terminal 62B. An out- 30 
put of the low pass filter 61 B is supplied to a coring 
circuit 63B. An output of the coring circuit 63B is sup- 
plied to a limiter 64B. An output of the limiter 64B is 
outputted from an output terminal 73 through an off- 
set adding circuit 69B and is also supplied to an add- 35 
ing circuit 66B. An offset is supplied to the adding cir- 
cuit 66B from a terminal 70B. Electronic zoom control 
data is supplied to the adding circuit 69B from a ter- 
minal 67B. An output of the adding circuit 66B is out- 
putted from an output terminal 74 through a nonlinear 40 
limiter 68B. 

An output from the output terminal 73 is supplied 
to the window generating circuit 12 and the window 
position of the optical detector 11 is shifted in accor- 
dance with the output from the output terminal 73. An 45 
output of the output terminal 74 is supplied to the elec- 
tronic enlarging circuit 15 and the reading position of 
the electronic enlarging circuit 1 5 is shifted in accor- 
dance with an output from the output terminal 74 and 
the hand shake correction in the horizontal direction so 
is executed. 

As mentioned above, the low pass filters 61 A and 
61B convert from the angular velocity to the angle 
and obtain a correction amount. In order to set a limit 
of the correction amount, limiters 64A, 68A, 64B, and 55 
68B are provided. Among these limiters, the limiter 
68B is a nonlinear limiter so as to prevent that an im- 
age pickup plane becomes unnatural upon panning 



photographing. 

Namely, upon panning photographing, since the 
camera is rapidly moved at the start of the panning. 
The integration value of the angular velocity sensor 
rapidly increases and suddenly exceeds the limit val- 
ue. Therefore, when an ordinary limiter is used, the in- 
tegration value suddenly reaches the correction limit 
from a state of the image plane such that the motion 
of the panning is suppressed at the start of the pan- 
ning. An unnatural image pickup plane such that it is 
panned is obtained. 

On the other hand, according to an embodiment 
of the invention, as shown in Fig. 7, a nonlinear limiter 
such that the correction amount gradually approach- 
es the limit is used. Fig. 7 shows a table of a nonlinear 
limiter 68B. In Fig. 7, an axis of abscissa shows input 
values of the nonlinear limiter 68B and an axis of or- 
dinate indicates output values. The input corresponds 
to the output of the low pass filter 61 B. 

As mentioned above, according to the embodi- 
ment of the invention, since the nonlinear limiter 68B 
is used, even when the camera is rapidly moved at the 
start of the panning, the value doesn't suddenly 
reaches the correction limit and the image pickup 
plane upon panning is not unnatural. 

Namely, when the panning photographing is exe- 
cuted, a detection signal as shown in Fig. 8A is out- 
putted from the angular velocity sensor. The detec- 
tion signal is integrated by the low pass filter. The in- 
tegration value reaches the correction limit LMT at a 
time point t1 as shown in Fig. 8B. Since the charac- 
teristics of the nonlinear limiter 68B are nonlinear, as 
shown at a point P1 in Fig. 8C, the value gradually 
reaches the correction limit LMT. Due to this, the im- 
age pickup plane upon panning is not unnatural. 

Although the characteristics of the nonlinear lim- 
iter 68B can be fixed, the nonlinear characteristics 
can be also changed according to the speed of the 
panning or the zoom ratio. For instance, limiter char- 
acteristics such that the faster the panning speed is, 
or the bigger the zoom magnification is, the curve 
which reaches the correction limit becomes more 
gentle are set. 

According to the embodiment mentioned above, 
a nonlinear limiter is provided only for a hand shake 
correction system in the horizontal direction. How- 
ever, it is also possible to provide a nonlinear limiter 
for a hand shake correction system in the vertical di- 
rection. 

Fig. 9A shows an image plane in the optical zoom 
region. In such an optical zoom region, an image of 
the region shown by C1 is used. The hand shake cor- 
rection in the vertical direction is executed within a re- 
gion shown by C2Aand C2B and the hand shake cor- 
rection in the horizontal direction within a region 
shown by C3Aand C3B is executed. The hand shake 
correction in the range shown by C2Aand C2B is ach- 
ieved by shifting the reading position of the CCD im- 
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age pickup device 3. The hand shake correction in the 
horizontal direction in the range shown by C3A and 
C3B is achieved by shifting the reading position in the 
horizontal direction by the electronic enlarging circuit 

15. 5 

Fig. 9B shows an image plane which is stored in 
the image memory 14 in the electronic zoom region. 
In such an electronic zoom region, an image in the re- 
gion shown by C11 is used. The hand shake correc- 
tion in the vertical direction is executed by shifting 10 
the reading position of the CCD image pickup device 
3 within a range shown by C12Aand C12B. The hand 
shake correction in the horizontal direction is execut- 
ed within a range shown by C13Aand C13B. Further, 
an unused region C14 occurs in the image memory. 15 
The unused region C14 can be used for the hand 
shake correct ton. 

Figs. 10 and 11 show constructions of the low 
pass filters 61 A and 61 B. Fig. 10 shows a construc- 
tion in the optical zoom region and Fig. 11 shows a 20 
construction in the electronic zoom region. In Figs. 10 
and 11, a signal from an input terminal 101 is supplied 
to an adding circuit 102. An output of the adding circuit 
102 is outputted from an output terminal 103 and is 
also supplied to a delay circuit 104. 

In the optical zoom region, as shown in Fig. 10, 
an output of the delay circuit 104 is supplied to a mul- 
tiplying circuit 105 and also to a table 107. A coeffi- 
cient is read out by the table 107 and the coefficient 
is set to the multiplying circuit 105. An output of the 
multiplying circuit 105 is supplied to the adding circuit 
102. 

In the electronic zoom region, as shown in Fig. 
11 , an output of the delay circuit 1 04 is supplied to the 
multiplying circuit 105 and also to an attenuator 106. 
An electronic zoom magnification (k) is supplied to 
the attenuator 106 from an input terminal 108. A coef- 
ficient is read out by the table 107 and the coefficient 
is set to the multiplying circuit 105. An output of the 
multiplying circuit 105 is supplied to the adding circuit 
102. 

A signal corresponding to the shake of the video 
camera is supplied to the input terminal 101. And the 
signal is added to the feedback component by the 
adding circuit 102 and outputted and is also multiplied 
with a proper coefficient by the multiplying circuit 105 
and is fed back. 

The coefficient is obtained by referring to the ta- 
ble 107 by the output of the delay circuit 104 in the 
optical zoom region as shown in Fig. 10. In the elec- 
tronic zoom region, as shown in Fig. 11, the coeffi- 
cient is obtained by supplying the output of the delay 
circuit 104 to the table 107 through the attenuator 106 
and by referring to the table 107. An attenuation of the 
attenuator 1 06 is set so as to be inversely proportion- 
al to the electronic zoom magnification (k). 

Fig. 12 shows the relation between the integra- 
tion value in the electronic zoom region and the coef- 



ficient In Fig. 12, an axis of abscissa shows the inte- 
gration value and an axis of ordinate shows the coef- 
ficient Since the attenuation of the attenuator 106 is 
set so as to be inversely proportional to the electronic 
zoom magnification (k), as the electronic zoom mag- 
nification is raised, the line showing the relation be- 
tween the integration value and the coefficient is 
changed such that M1, M2, M3, .... Therefore, as the 
electronic zoom magnification increases, the correc- 
tion range can be largely set 

The invention is not limited to the video camera 
but can be also similarly used in a video reproducing 
apparatus having a hand shake correcting function. 
Namely, the shake of the image plane due to the hand 
shake not only can be corrected on the video camera 
side upon recording, but also can be corrected on the 
reproducing apparatus side upon reproduction. That 
is, upon reproduction, the hand shake is detected, 
and the image plane is shifted according to the hand 
shake amount. Thus, in case of executing the hand 
shake correction upon reproduction, the hand shake 
can be detected by detecting the motion vector of the 
reproduction video signal. A low pass filter is used for 
obtaining an actual correction amount from the mo- 
tion vector. 

In such a video reproducing apparatus, a nonli- 
near limiter can be used in a manner similar to the 
embodiment mentioned above. 

The invention is not limited to a video camera but 
can be also applied to a video signal reproducing ap- 
paratus having the hand shake correction function. 
Namely, the shake of the image plane by a hand 
shake can be corrected not only by executing the cor- 
rection on the video camera side upon recording but 
also on the reproducing apparatus side upon repro- 
duction. That is, the hand shake is detected upon re- 
production and the image plane is shifted according 
to the hand shake amount. Thus, in case of executing 
the hand shake correction upon reproduction, the 
hand shake is detected by detecting the motion vec- 
tor of the reproduction video signal. A low pass filter 
is used in order to obtain an actual correction amount 
from the motion vector. An image memory is used to 
execute the correction. An electronic enlarging im- 
age plane can be formed by using the image memory. 
In case of forming an electronic enlarging image 
plane as ment toned above, by changing the coeffi- 
cient of the low pass filter according to the magnifi- 
cation, a wide correction range can be obtained. 



Claims 

1 . A video camera comprising: 

a lens for collecting a light from an object 
to be photographed; 

an image pickup device for converting the 
light collected by said lens into an electric signal; 
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an analog to digital converting circuit for 
converting the electric signal from said image 
pickup device into a digital signal; 

a memory circuit for storing said digital sig- 
nal obtained by said analog to digital conversion; 

shake detecting means for detecting a 
shake of said video camera; 

calculating means for obtaining a correc- 
tion amount from an output signal of said shake 
detecting means; 

correcting means for correcting a shake of 
an image accompanied with a slight shake of a 
body of said video camera on the basis of an out- 
put signal of said calculating means; 

zoom means for enlarging or reducing said 
object to be photographed; and 

control means for changing said correct- 
ing means in accordance with a change of zoom 
of said zoom means. 

2. A video camera comprising: 

a lens for collecting a light from an object 
to be photographed; 

an image pickup device for converting the 
light collected by said lens into an electric signal; 

an analog to digital converting circuit for 
converting the electric signal from said image 
pickup device into a digital signal; 

a memory circuit for storing said digital sig- 
nal obtained by said analog to digital conversion; 

shake detecting means for detecting a 
shake of said video camera; 

calculating means for obtaining a correc- 
tion amount from an output signal of said shake 
detecting means; 

correcting means forcorrecting a shakeof 
an image accompanied with a slight shake of a 
body of said video camera on the basis of an out- 
put signal of said calculating means; and 

a limiter circuit for limiting a correction 
amount in the correction limit for an output signal 
of said calculating means. 

3. A video signal reproducing apparatus compris- 
ing: 

an analog to digital converting circuit for 
converting an input video signal into a digital sig- 
nal; 

a memory circuit for storing said digital sig- 
nal obtained by said analog to digital conversion; 

shake detecting means for detecting a 
shake of an image plane generated by said video 
signal; 

calculating means for obtaining a correc- 
tion amount from an output signal of said shake 

detecting means; 

correcting means for correcting a shake of 
an image accompanied with a slight shake of said 



image plane on the basis of an output signal of 
said calculating means; 

zoom means for enlarging or reducing said 
object to be photographed; and 
5 control means for changing said correct- 

ing means in accordance with a change of zoom 
of said zoom means. 

4. A video signal reproducing apparatus compris- 
10 ing: 

an analog to digital converting circuit for 
converting an input video signal into a digital sig- 
nal; 

a memory circuit for storing said digital sig- 
15 nal obtained by said analog to digital conversion; 

shake detecting means for detecting a 
shake of an image plane generated by said video 
signal; 

calculating means for obtaining a correc- 
20 tion amount from an output signal of said shake 

detecting means; 

correcting means for correcting a shake of 
an image accompanied with a slight shake of a 
body of said video camera on the basis of an out- 
25 put signal of said calculating means; and 

a limiter circuit for limiting a correction 
amount in the correction limit for an output signal 
of said calculating means. 

30 5. The video camera according to claim 2 or 4 and 
comprising a zoom means for enlarging or reduc- 
ing said object to be photographed. 

6. The video camera according to claim 1,2 or 5, 
35 wherein said zoom means comprises an optical 

zoom. 

7. The video camera according to claim 1 ,2,5 or 6, 
wherein said zoom means comprises an elec- 

40 tronic zoom. 

8. The video camera according to claims 6 and 7, 
wherein said zoom means is controlled so that 
said optical zoom operates first and said elec- 

45 tronic zoom operates when a zoom amount by 
said optical zoom reaches its maximum. 

9. The video camera according to claim 8, wherein 
a window for a predetermined focus adjustment 

50 is set in said image pickup device and the window 
is moved in accordance with a change of zoom of 
said zoom means. 

10. The video camera according to claim 7, 8 or 9, 
55 wherein the electronic zoom means performs an 

electrical zooming process by using an image 
memory. 
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11. The video camera according to claim 10, wherein 
said image memory is used for both said elec- 
tronic zoom and a hand shake correction. 

1 2. The video camera according to claim 1 1 , wherein 
said electronic zoom performs a hand shake cor- 
rection in the horizontal direction of said video 
camera by shifting the read-out position in one 
line of said image memory. 

1 3. The video camera accord ing to claim 1 2, wherein 
said image pickup device has an image pickup 
area larger than an area which is actually dis- 
played, and a hand shake correction in the hori- 
zontal and vertical directions is performed by 
changing a read-out position in the horizontal and 
vertical directions in the image pickup area. 

14. The video signal reproducing apparatus accord- 
ing to claim 13, wherein a window for a predeter- 
mined focus adjustment is set in the image and 
the window is moved in accordance with a 
change of zoom of said zoom means. 

15. The video camera according to any one of the 
preceding claims, wherein said shake detecting 
means uses angular motion or motion vector sen- 
sors which detect shakes in the vertical and hor- 
izontal directions of said video camera. 

1 6. The video camera according to claim 1 5, wherein 
said calculating means comprises a gain adjust- 
ing circuit for performing a negative adjustment 
of gain for output signals obtained from said an- 
gular sensors. 

1 7. The video camera according to claim 1 6, wherein 
said gain adjusting circuit comprises a multiply- 
ing circuit for adjusting a variation of said angular 
sensors. 

18. The video camera according to claim 17, wherein 
said gain adjusting circuit further comprises a 
coring circuit for eliminating noises in an output 
signal of said multiplying circuit. 

1 9. The video camera according to claim 1 8, wherein 
said gain adjusting circuit further comprises a low 
pass filter circuit for converting angular or linear 
velocity information of an output signal of said 
coring circuit into angular information. 

20. The video camera according to claim 19, wherein 
said gain adjusting circuit further comprises the 
or a, limiter circuit for limiting an amplitude of an 
output signal of said low pass filter. 



said limiter circuit performs a nonlinear process 
in which a limiting amount is changed in accor- 
dance with a level of an output signal. 

5 22. The video camera according to claim 21 , wherein 
said limiter circuit is controlled so that the limiting 
amount is changed in accordance with a speed of 
panning of said video camera. 

10 23. The video camera according to claim 22, wherein 
said limiter circuit is controlled so that the limiting 
amount is changed in accordance with a zoom 
amount of said video camera. 

15 24. The video signal reproducing apparatus accord- 
ing to any one of claims 1 to 23, wherein the, or 
a, limiter circuit performs a nonlinear process in 
which a limiting amount is changed in accor- 
dance with a level of an output signal. 

20 

25. The video signal reproducing apparatus accord- 
ing to claim 24, wherein said limiter circuit is con- 
trolled so that the limiting amount is changed in 
accordance with a speed of panning of said video 

25 camera. 

26. The video signal reproducing apparatus accord- 
ing to claim 25, wherein said limiter circuit is con- 
trolled so that the limiting amount is changed in 

30 accordance with a zoom amount of the image 
plane. 
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21. The video camera according to claim 20, wherein 
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